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Description 



The subject field concerns cellular separations employing devices having specificity for cell surface protons. Par- 
ticularly the cellular source will be Wood, spinal fluid, bone marrow, tumor homogenates. lymphoid tissue artf the lite 
There are numerous situations where it is of interest to isolat a specific class of cells or to remove a particular set 
of cells from a mixture of cells. Techniques which have been employed includefluorescenoe loel porting. ™3^™?- 
nobeads complement-mediated lysis, affinity chromatography, centrifugal elutriation and polystyrene pwnmgof cells. 
Cells having substantial density differences, such as that between platelets and red ceBs can be grossly fractionated by 
gradient cerrtrifugafon methodologies. However, mammalian cells with equivalent densities, such as tumor cefls. lym- 
phocyte subsets, granulocytes, or stem cefls. require some form of separation using molecular recogrationof surface 
markers which correlate with their phenotype. Similarly, such molecular mechanisms are required to sepj^ vmjses 
and bacteria from one another in complex mixtures. Each of the aforementioned methods have senous drawbacks for 

many applications, where there is interest in isolation or removal of particular subsets of cete. 

Svantages of fluorescence activated ceH sorting for recovery of viable sorted ceBs ar e the ****** ' *• 
i procedure, the fact that the isolated celts are coated with antibody, and the limited amounts of ceils which can be obtained 

^Wth'ir^jbeads. it is difficutt to recover the cells from the beads after separation; the cells are frequently coated 
with antibody and magnetic beads, and distinct separations are only difficultly achieved. Complement mediated lysis > is 
prodematic for two reasons: first depletion of target ceiis is incomplete, and second, non-target cells can be adversely 

, affectedbyexposuretocc^emert^ 

for example. Sephadex G-10 coupled to antibody, suffers from poor recovery and ineffwent depletion of target cells. 
Centrifugal elutriation is not capable of separating different phenotypic subpopulations of cells of like we. 

%Xtmethodology.panni^d W 
antibody on polystyrene, is particularly inadequate. Only low recoveries can be achieved, and the process suffers from 

s lack of specificity and contamination of the separated cells with antibody. ^,^ roi ^ lc ^ 

AsmeimnJnedefensesystembecwn^ 
narrow ranges of activities. Thus, subsets can be specialized for response to a particular disease such as necptes*. 
infection, viral or cellular, etc.. response to transplants, and the like. It is therefore of great interest to be^letoiderWy 
and purify these subsets of cells, not only to understand their action, but also to use these cells for prophylact^and 
» therapeutic purposes. In order to achieve the desired results, it is necessary that sub^anteHy pure I the 

desired subset or subsets of cells can be obtained. Furthermore, the cells should be: (1) ^f^ 185 ^ 
surface. (2) viable. (3) capable of fulfilling their normal function and (4) responsive to activation by bwtogicals m the same 

manner as normal cells in their normal environment. , . 

According to the present invention, methods, compositions and devices are provried for the selective capture and 
35 release of biological particles capable of replication, particularly virus particles and cells. Amedjum <™ft"^™; 
tides is contacted with a solid support having a high density of specific receptor sites, whereby particles r^the 
complementary ligand become bound to the surface. The biotogicals may be released from the receptors by r either 
biological activation resulting in ligand shedding and release or physical means such as F*f "g, 
or uSLonic sound, as appropriate. The cells can be numerically expanded, subjected to biologicate oro^er factors for 
40 differentiation and/or activation, or the like, and may be used for research, diagnostic, prophylactic and/or therapeutic 

purposes. 

In the accompanying drawings: 

Fig. 1 is a schematic drawing of a process to prepare cells from peripheral blood or bone marrow for the captured 
45 device according to this invention; and 

Fig. 2 is a diagrammatic view of the inside of a cell capture device. 

Methods composrtions and devices are provided for isolating a particular population of biologically reputable 
particles, particularly cells, from a mixture of particles by binding the population to a solid substrate through tiiejnter- 
so mediacy of one or more specific receptors. Optionally, the particles may then be treated ma variety of ways itoaffed t the 
population size and/a characteristics of the captured particles. The cells may then be released from the support sub- 

stantially free of receptor. . . . 

The method will involve contacting a source of particles with receptor bound to a support ' n »««^jJ^ 
where the population of the receptor on the surface provides for a high binding density for the '^(s^.rto^The 
55 conditions for the contact are such as to allow for sufficient time and a low degree of turbulence to ^^^ f 
to specifically bind to the receptor. After sufficient time for binding to occur, the medum may be ^edandmesurface 
washed to remove non-specif ically bound particles. Since th particles will normally be bound to *e surface at a pJuraWy 
of sites, so as to have a high binding avidity, the washing may be fairly vigorous to insure th 
removal of all non-specifically bound particles. The particles may then be subjected to a wide vanety of conditions or 
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treatments usually involving contact with one or more reagents. Optionally, the medium containing the reagents may 
S^m^ anXSrtWes released from ft receptors. Release may be achieved either by treatment vvrth a 

Oogenic agent and a .ynphokine or physica. means such as pipetting, vibration or son.cat.on. The 
particles may then be isolated and used for their intended purpose. 

For the most part mixtures of cells will be employed and. therefore, the remaining discussion m | be drafted to cefe^ 

However 

to cells, it should be understood that viruses and bacteria may usually be substituted therefore 
,0 tesScfd^ce Mi apWteation In a nur*er of different situation* IhHk — 
to captureand remove undesirable cells from physiological fluids, thereby depletngthenuriof the ****** «^ 
o he^utic benef* or diagnostic or research apptications. This may be ^^^^^^^^Z 
T^yrrphocytes to diminish gratt-versus-host disease. The bone marrow, depleted of the unwanted cells, s .mmedately 

oreoared tor transplantation into the marrow recipient. 

TseccrJsStion is to capture and recover certain cells from physiological fluids for research^ d.agnos^ Dag- 
noslfc artfcM n^ylncluXcaptufe and subsequent enumeration and description of captured (1) mabgnantceBs 

serves from physiological fluids. (4) human fetal cells for karyotype analyse from blood. (5) transplanted cells rom Wood 
afa^iSTeZry from bone marrow transplantation, and (6) immune competent cells wrth a partcular surface 
mXlSTas ^presence of the IL-2 receptor, indicating a state of activation. For research^ one may be interested 
m^fte^nelc analysis or modiftoation of captured cells, (2) analysis and <™^«"'*^«^ 
20 classes of cells that may be activated or suppressed by a particular dtsease process and (3) at the molecular level, the 
2rS2 l^a^Sositional analysis^ modification of cells involved in the pathogenesis of a particular d>seasa 
T?eSSt^Scaptu« and recovery of cells from physiotogica. f yds for modification (activate) and 
return to ZriSdoSin for a dSed therapeutic effect. The process involves cell capture and rec^ry process.ng 
TZ SurS ZL ToXeted cel. population which may result in numerical expansion and/or bio.og.ca. activate. 

J££££ Tcelte tLmselves. Activation is performed without further f^ionatfon of ^ cea. For e^e. ,n 
ftecase of an AIDS patient. CDS positive cells captured from peripheral blood can be expanded and activated for 
lucent rlrn to fte Sent of origin. The second level is selective activation. Captured and recovered celte are 

30 S-redorU« 

are then activated and/a expanded. For example, certain antigen restricted subsets of the captured CDS poatwe ceus 
STn Ey cXnTculture conditionTand concentrations of lymphokines. which allow only the de^ subset 
to oe eSSed andlSvated. A third level te invito, generation of antigen specific patient-unique celte kK activation a 
™Son oVthe immune function. Exemplary of this situation is monocyte or B^ell capture ^.^^ e 

35 r^eTaB^toap^ 

or B-cell antiqen uptake, processing, and presentation along wrth increased surface MHC expression. Onejwuidthen 
l a sub^t oTeEr ofregulZ cells^tured from the same patient to interact with the ^en^med mocKcyto 
o7*cell. The process of antigen specific T-cell activation would occur, much .nthe manner ^«^^J* 
node of an intact animal or human. An additional example of cell modification made possible by the subject method « 

capture in a second device of the subpopulation of cells which express the exogenous gene. 
TS. cllar source may be any mixture of celte. However, it is desired to have a ^eterr^n^la^ 
may be defined by singled multiple markers or plurality of markers or ligands. Cellular sources of -merest froman.^1 
h^ts may include organs, such as btood. brain, kidney, spleen, heart, intestine, bone marrow, cerebral ^nal flu^ 
45 55Sh« Tor the like, or neoplastic cells from any of the above organs. Other sources ^^^^T 
oVtecTria mixed with animal cells. The cells are employed in a flowaHe form, convemenfly as a d.sperswa Wherefte 
Sre L heW tcgeSr. as in Wood, the Wood wil. usually have red ceUs. ptatele* and plasma 
to a mfxtTe of whrte cells. Where the cells are held together by a membranous or other connecting imatena^ the eels 
Say S^rseTeimer mechanically or enzymaticalhy in accordance with conventionahec^- The .rdrvtdual cefls 
so mav then be dispersed in their appropriate nutrient medium for separation by the subject rrathod. 

SblooT^ btood cellsmTybe removed by agglutination, lysed with ammonium chtonde. removed wrth lectins 
or by SrtrStion in accordance with known ways. Platelets and red btood cells may also be removed by grad.ent 
densftv cerrtrigation employing Rcoll or Leukoprep and isolating the buff y coat, by centrrfugation or the Ifce. 

^e^SSi Zcei may be subjected to a variety of treatments in addflon to those described abc*eJisome 
55 srtuafons^Xti desirable to Concentrate the celte by any convenient means, followed by d,sperston m an app.opr.ate 
nt^mS. to so^ne srtuaUons it may be dearaWe to expand a particular P^^^trXei 
expand one group of cells as against another group of cells. For expansion, vanous rrutogerac agents may be employed 
oSleir^owTfactors,^ the like. These cells will then usually be concentrated by any cedent means to 
suS^enWfte medium in which they have been isolated or maintained Usually, these cdls w,.l compnse at 



3 



15 



25 



EP 0 701 130 A2 

least about 1 0 vol % of the dispersion to be used and not owe than about 90 vol %. so as to provWe a fkwraWe dispersion. 
The concentration of cells introduced into the device is conveniently based upon the surface area of the denvatized 
polystyrene surface and will vary widely, depending upon the frequency of the target cell in the input cell suspense* 
Usually, the concentration will be at least 1x103 cells/cm* and not more than 1x10™ ceds/crr*. usually from about 1x10* 
celte/crr^to lx107/cmz. 

The separation device may take a wide variety of forms. For th most part, the device will be comprised of polystyrene 
surfaces, where the polystyrene is normally substantially free of cross-Bilking, less than about 0.5%. usually less than 
about 0 1% preferably molded or extruded, so as to have a very smooth surface. Polystyrene surfaces of this nature 
allow for substantial uniformity of derivatizatton. where the orientation of the receptor provides for a high level of acces- 
sibility of binding sites. (It should be understood in referring to receptor, the term is entirely arbitrary. By receptor is 
intended a molecule which is able to specifically bind to a complementary molecule. Thus, for the purposes of this 
invention the receptor may be a ligand. which includes both haptens and antigens, or a surface membrane prolan which 
spedficaHy binds to another molecule, such as an irnmurragtobulin, T-cell receptor, insulin receptor, etc., or a molecule 
which is found intracellular!* such as a steroid binding protein, or molecules which are found in body fluids, such as 
thyroxine binding globulin, lipoproteins, etc. Therefore, the membrane protein which binds specrficafly to the surface 
bound -receptor- is referred to arbitrarily as the ligand." For convenience, they will be referred to jointly as complementary 

members of a specific binding pair.) ^ „ „_ ... _ 

The functionalized polystyrene surface may be the surface of a wail, partition, sheet hollow fiber, bead, particle, or 
the like For the most part, it would be desirable to use a flat surface, although in some situations other surfaces may 
find application. The device may take the form of a bottle, standard T flask, sheets, e.g., a bag or box with multiple 
separated sheets, cylindrical or serpentine sheets in a container, rectangular box. or the like. The choice of the device 
will depend upon convenience, the purpose of the separation, the interaction with other devices, the cell relation of 
interest, the intended treatment, whether the population of interest is as a resutt of positive or negative selection, or the 
like 

' The surface will be derivatked by substitution of the benzene ring of the polystyrene with an electrophilic reagent, 
particularly by a Friedel-Crafts reaction in a solvent which does not soften or dissolve the polystyrene. For this purpose, 
sulfolane finds particular application. Relatively mild conditions may be employed and the benzene may be derivatized 
with a variety of agents, such as retro, which may be reduced to amino, hatomethyl. which may be used to form an amino, 
hydroxy, or thiol group or a substituted N-hydroxymethyl acetarride where the substituent is an active halogen or pseu- 
30 dohalogen. A description of the reaction may be found in EPA 88-304516.3. 

The derivatized polystyrene surface may then be reacted with the receptor. Under the conditions of derealization, 
it is found that a high percentage of the benzenes at the surface are derivatized. so that one may obtain a high density 
of receptor at the surface. 

Depending upon the nature of the receptor, various reactions may be performed for bonding the receptor to the 
as surface Of particular interest is the bonding of proteins to the surface. Proteins can be bonded by contacting the proteins 
in an aqueous medium with the functionalized surface, having active halogen, activated carboxy groups. e.g.. esters, or 
the like under mild conditions for sufficient time for complete reaction. Any remaining unreacted functional groups may 
be blocked by using an appropriate small molecule blocking agent For example, active halogen may be blocked with 
aliphatic amines, thiols with maleimide. or the like. In some situations, there may be no need to block excess reactive 
groups since they will not interfere with the subsequent steps in the process. The surface may then be washed to remove 
the non-specifically bound receptor and evaluated to insure that appropriate receptor binding has occurred. 

Depending upon the nature of the collection device, the contact with the ceB containing medium will be varied. For 
example with a roller bottle, one may introduce the medium into the roller bottle and then allow for stow revolution of 
the bottle over sufficient time for the cells to become bound. With a T-tlask, or plates-in-a-bag/box configuration, one 
ts may allow the device to stand on a level surface or be slightly agitated on a shaking platform, followed by turning the 
device over and repeating the process on the other side. Similar techniques may be employed with other types of con- 
tainers Additionally, the device may be centrifuged to press the target cells to the contact surface. 

Of particular interest is a device which will be referred to as a collection bag/box. The bag/box will be a container 
of rigid or flexible waits containing polystyrene sheets superimposed or stacked one upon the other and separated from 
so each other to allow for flow between the sheets. Packed cells as a result of concentration, e.g., gradient density centnf- 
ugation or centrifugation. would be allowed to flow into the bag/box which would be maintained in a horizontal position. 
The cellular dispersion would spread through the bag/box. so as to be in contact with substantially all of the receptor- 
coated polystyrene surface in the bag/box. After sufficient time for the cells to bind, the bag/box may be turned over so 
as to allow cells which are still dispersed or unbound to settle on the film surfaces which are now below them, so as to 
55 provide for efficient utilization of the surface. Alternatively, the bag/box may be centrifuged. once on each side, to press 

the cells to the contact surfaces. „ ^ .... 

The contact time will vary widely, depending upon the concentration of the ligand on the ceil surface, the binding 
affinity of the receptor, the concentration of cells in the medium, the nature of the collection device, and the like. Usually 
contact times will be at least about 5 min and not more than about 1 20 min. usually from about 1 5 to 60 rrun. 
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Thecellutardteperaonmaybe™^ Apressur ^"f** 3 

may be achieved through the collection device by means of pumping. Alternatively, gravity flow "W^e^an 
SJrc^te fSTrate. Any convenient technique which allocs for a rate of flw of the cells permrttmg b-ndng to the 
surface without significantly affecting their viability may be employed. 

The subject devices can be sterilized using gamma or electron beam radiation, without adversely affectmg the 
properties oVthe collection device. That is. the activity of the receptor is retained. ^^T^^^ 
covalent nature of its bonding to the surface. Thus, when the coOection device is .n use, substantially none of the receptor 

Vigorous washing may be employed to remove non-adherent cells, since the adherent cells are bound Ifrniyto the 
sSTat^uSity of c^ntacte The wash medium may be pumped in and out. ligands flowed through the<te«*of 
^^ Sbut relatively vigorous agitation. The wash solution may be deionized water, sakne. phosphate 

medium or tne like. The particular wash solution which is employed win usually depend upon 

^tlTc^^ concerned w«h removal celte from the ce« ^M^^ 

ceUs may be discarded and the depleted cell population harvested, subjected to any addfconal treatments, and then 

use CeX^n the intelxfed use. as well as the nature of the celte. the cells may be <*^ to J^""« 
oTfreXS^artcularly. where one is concerned with the lymphoid or myeloid lineages, th^^l^y be tmated 
to eXoTrncdify the activity of a particular set or subset of cells. Thus, vanous factors 
^iteration of the cells, activation of the cells, enhancement or reduction of one or ^f 106 , 
art to like Depending upon whether one wishes to have all cells bound during the treatment or allow for *e tonnrton 
otfreYceE' onT can P 7ov£e for an appropriate ratio of receptor to bound cells in the container. By raving a 'arge number 
2 repfors Z™*™*>* initiatlytxZ cells, any progeny will aiso become bound and ^ainedon the surfec^ 
TSSHuM resolutL. since other celte which may have been present and expanded wrf. not become 
hound and mav be removed from the collection vessel. . 

?orM par,, the celte of interest will be obtained from Wood, bone marrow, solid tumors and 
These cells may bTdivided into the lymphoid and myeloid lineages. The first lineage to be consumed will tettelympnod 
1SZ rSea7e may be furthelr broken down into categories of B-cells and T-cells. B^elte arejdentrf,ed byh^ng 
SgTa suLe marker and rearranged germline DMA at the immunoglobulin locus. T-cefls. ^*e n^ part have CD2 
and* CDS as surface markers and rearranged germline DNA at the T-cell receptor locus. The 8- and T -<^llateo 

^^alS'^d cells wnfch may be isdated by marKers include: lynphoKne ****** flJUQc* 
natural Kto(NK) celte^umor infitrating lymphocytes (T»4: antibody dependent cytotooc cells (ADCC). cytotaoc T 

'^SySiintge. one may be interested in isolating monocytes, macrophages, eosinophi.es, basophils, pal- 

ularlvlL-1 -2 -3 or the like. The B-celte may be selected by surface bound antigen, surface ,T ^^9 •. CD20) 
3te binding to a soluble antigen, where such antigen may be added to the cells, so thatmoseceltehav,ng a surface 
S^lcSlch recogS the antigen will bind the antigen to form a complex £ich * < 
essed A fragment of the antigen with the cell's MHC antigen win then be presented. By adding T-cefls to themedium 

; SareresTcted by the i^efls. T-cells which recognize the antigen fragment wit. seaete lymphotanes r^tongm 
£a£5on~t» B«elte. By providing for an excess of receptor on the**d -^^^ 
separating the cell population in a second collection device, one can substantially augment the number of B-cells and 

plasma cells which recognize the antigen of interest. _ . . 

Alternatively B-cell fusion partners (hybridoma cells) or other B^ells from any source can be selected by tending 

o to a nW surface which Sars covertly bound antigen. Desired hybridoma or other B-cells beanng s^ctve 
Stn ^Srene bound antigen will be captured on the polystyrene surface, allowing for antgen-specjc setecton erf 
^cStomTother B-cells. Captured ceUs can then be recovered and expanded accord.ng to the procedures 
S^n^TecTrLod. AHeSveJy T-cells or any cel. containing a specific surfacereceptor can be captured 
by the polystyrene surface when said polystyrene surface contains said antigen covalerttly bound 

» WneTone wishes to deplete a specific subset of B-cells. one may add the antgen conjugated ^J^-J^ 

sSfece inSunog.obu.in and corrplemen, or other sefecth/e cytotox* <^££r« 
onemay selectively diminish the celte responsive to a particular antigen. AHernafcvely. antigen « a M marker ( *. 
CC S can be immobilized on the polystyrene and the targeted B-cell population captured on the surface. Partcularly. 
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where memory cells exist, one can reduce the humoral response by substantially depleting the memory cell population 
to a particular antigen. ^ ^ ^ _ .. 

The T-cell population is more varied than the B-cell population as to function. One may divide the mature T-cell 
nopulation into CD4 MHC Class II restricted cytotoxic, helper or suppressor cells and CD8 MHC Class I restricted cyto- 

s toxic and suppressor cells, where the cells have different functions and their expansion and depletion may be of mterest. 
For either T-cell population (CD4 or CD8). it may be desirabl toacthmt th T-ceUs which recograze a specrfic 
antigen. Many strategies can be used for this purpose. B-cells specific for a particular antigen may be exposed tothat 
antigen and then used as antigen presenting cells to activate the particular antigen restncted T-cell subset Alternatively, 
monocytes or macrophages may be employed as the antigen presenting cells. Macrophages may be preferred smce 

, 0 they do not have the specificity of the B-cells for a particular antigen. Therefore, one would .ntroduce monocytes andtor 
macrophages, which have been pre-treated or treated concomitantly with the antigen, to the bound T-cefls to provide 
for expansion of those T-ceOs which recognize the antigen fragment when presented by the monocyte/rracrophage hi 

the context of the MHC. , , , .... . . . .. ^ ^ „ 

Biological activation of cells may be achieved as a result of a particular soluble or immobilized lymphokme. e.g.. IL- 
T5 2 or by use of a specific binding compound, such as an antibody. Fa example. T-cells may be selected using an anti- 
TceU (e g CD-5) surface. The CD-5* captured cells may then be released and introduced onto an activating anti-C03 
surface 'or' to a surface to which a lymphokine has been covalently bound. The cells will bind and become activated. 
After activation, the cells may be released by sonication. mechanical agitation or other convenient means andharvested. 
Of particular interest are stem cells, which may be obtained from bone marrow a peripheral Wood. These stem 
20 cells may serve as the progenitors of one or more of the blood cell lineages. Isolation of the stem cells may be as a 
result of both depletion (negative selection) and/or positive selection. Thus, one may prov>de for a ser.es of dev.cesor 
device subsections where initially the receptors will bind to undesired cells for their removal of celte (nega^selection) 
from the medium. The unbound cells may then be isolated, freed of the captured cells and further selected (posrtve 
selection) for cells with different markers associated with stem ceOs. leaving a bound population of cells, which may then 
25 be freed followed by further positive selection for a marker specific for a population which includes the stem cells. In this 
way other cells having the analogous final marker may be removed by the previous process step. 

Where cells other than blood cells are involved, cells of interest for isolation may include islets of Langerhans. glial 
cells astrocytes, neurons, endothelial cells, epithelioid cells, stromal cells, stem cells, squamous cells, orthehke. 
Substantially homogeneous populations, greater than about 95%. usually 98%. of celte may be achieved, where 
30 the cells may be in a quiescent or activated state. Cellular compositions may include any cellular POpuMon expressing 
a surface marker (ligand) recognized by the immobilized receptor. Such compositions include cells bearmg any of the 
recoqnized leukocyte antigens of the CD (cluster designation series) or others recogruzed by monoclonal antibodies to 
specific cell surface ligands. Such compositions may include other Wood cells, tumor cells, bacteria, viruses or parasites 
similarly sharing a common surface marker. Virtually any cell population whose members share a surface ligand recog- 
35 nized by the immobilized receptor can constitute such a cellular composition. 

A great variety of autoimmune, neoplastic, infectious, metabolic, hematologic and immunolog.c diseases andcon- 
ditions (the disease field) may be treated in accordance with this invention. Among autoimmune diseases are diabetes^ 
lupus erythematosus, and rheumatoid arthritis. Among infectious diseases are localized and systemic infections due to 
pram positive cocci, gram negative cocci, gram negative bacilli, anaerobic bacteria, mycobactena. fungi viruses, pro- 
40 tozoa. etc. Among neoplastic diseases are all solid and hematologic malignancies. ^^f^^Zl 
atherosclerosis and septic shock. Among hematologic diseases are sickle-cell anerraa anc I temifial rwerdtotartero! 
anemia. Among immunologic diseases and conditions are organ transplantation and immunodefiaency condraor^ 

These and other diseases or conditions may be addressed by the subject process as follows. By an alternative 
process one may isolate immune complexes associated with the autoimmune infectious or neoplastic disease (see co- 
« Pending' Application Serial No. 243.786, filed September 13. 1 988). One can use the antigen obtamed from the complexes 
to select for both B- and T-cells as described above which are activated by the particular antigen. Thus, one ran remove 
blood from the host suffering from the autoimmune or neoplastic disease and either selectively deplete B- and/or T-cefls 
associated with the disease or activate T- or B-cells to suppress the autoimmune disease or to detect and ehrranate the 
neoplastic cells. In this way. one may provide for a remission, halt the progress of the disease or thejhke. 
so Alternatively, in cases of infection, autoimmune or neoplastic disease, one may provide for selection of B-anrjl- 
celts reactive with the particular pathogen or disease antigen. In the case, one would wish to enhance ^eventration 
of the B-and T-cells associated with the immune defense. Thus, complexes or antigens associated wrth the pathogen, 
autoimmune or neoplastic disease or the pathogen, autoreactive or neoplastic cell itself may be used to enhance the 
lymphoid cellular population associated with the defense against the disease. One may isolate the pathogen, autoreac- 
55 tiveor neoplastic cell using the subject device, and use the isolated pathogen or cell as the immunogen orre^tor^as 
defined above t capture the appropriate T- or B-cells active in the defense against the disease. ™usselected. these 
cells could be recovered, expanded, activated as described above for a subsequent J*"* ™* 

technique may b used with a wid variety of diseases associated with viruses, g.. AIDS. HTLV-I. or II. bactena. pro- 
tozoa, fungi, helminths, and the like. 
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In addition, the subject method may be used lor prophylactic and diagnostic purposes in the disease field. Trie 
subject method will also find use in research for detecting B- and T-cell responses, investigating immune responses, 
identifying epitopes associated with autoimmun diseases, and ultimately used for gene therapy. 

One may also use the subject device tor producing monoclonal antibodies by activating B-celte. followed by immor- 
s talizafon of the B-ceUs usually by fusion with an appropriate fusion partner. In this way. one can immunize human lym- 
phocytes against antigens one could not normally administer to a human host and provide for double selection. mifiaBy 
for B<ells generally, followed by selection tor those specific B-cette which are capable of binding to the arrtigea Thus, 
one can greatly concentrate B-cells specific for the antigen to greatly enhance the probabiUty of obtaining monoclonal 

antibodies specific for the antigen. . u _ 

w The ceils may be isolated from the collection device by different ways. Of particular interest is Ihe use of a mrtogeruc 
agent such as phytohemagglutinin (PHA). in conjunction with a compound having growth factor-like activity such as an 
interleukin or growth facta, e.g.. interieuWn-2 (IL-2). GM-CSF. etc. which results in release of the cells by shedding of 
the ligands on the cell surface bound to the receptor. The medium may be a standard tissue culture medium contammg 
about 20 to 1000 units/ml IL-2 and about 0.1 to 5.0 ng/rnl of phytohemagglutinin. Alternatively, the cells may be released 
f5 by physical methods such as mechanical disruption, particularly shearing, such as by vbration. vigorous p.petting or by 
sonicafon using an ultrasonicator and placing the collection device in a water bath. Conveniently, a Crest ultrasonics 
model may be employed. See Menssen. gj aj.. jJSBiaiflQj- Methods (1987) 104:1-6. 

In order to further understand the invention the figures win now be considered. Fig. 1 is a diagrammatic flowchart 
of a process according to the subject invention using blood as the source of target cells. The drawing involves a first 
20 stage involving the separation vessel 1 0. where red btood cells and platelets are removed to provide a supernatant The 
supernatant 12 is then transferred to a centrifuge 14 having tubes 16. where the supernatant 12 is centrrfuged to con- 
centrate target cells 20 in the tubes 16. The target cells 20 are then transferred to a feeding vessel 22. which feeds the 
target cells through valve 24 into cell capture device 26. also depicted in Fig. 2. This process is not limited by the example 
cited Any commonly used method to remove red Wood cells, platelets and plasma can be used to achieve target cell 
25 population 20 from peripheral blood or bone marrow. Alternatively, solid tissue may be disaggregated by enzymattc or 

physical means to achieve target cell population 20. 

Cell capture device 26 has a plurality of polystyrene f ims or sheets 30 separated by supports 32. On the upper films 
or sheets 30 are indicated the presence of receptors 34 designated as R. The receptors 34 are only indicated on a few 
of the films or sheets, indicating that the receptors are on both sides of the film or sheet, although it should be understood 
30 that all of the films or sheets are coated on both sides with receptors. Alternatively, the cell capture device can be a T- 
f lask. microliter plate, muttiwell plate, roller bottle, cell farm or any other polystyrene vessel all or part of whose internal 
polystyrene surface has receptor immobilized to it. ^ ■ a ■ 

The cells enter the cell capture device 26 through conduit 36. When cell capture device 26 is substantially full, rt is 
allowed to stand for sufficient time for the cells to settle and contact the receptors on the film or sheet below the liquid 
35 layer After sufficient time for the cells to have settled and become attached, the cell capture device 26 may then be 
turned over so that cells which have not become specifically bound may settle on the reverse side of the films or sheets 
30 and become bound to the receptors on that side. The cell capture device may then be washed by introducing a wash 
solution through conduit 36 and allowing it to exit through conduit 40. so as to remove non-specifkaHy bound cells. 
One or more treatment solutions or cell suspensions may then be introduced to expand the number of captured 
40 cells activate the captured cells, deplete a subset of the captured cells, introduce exogenous genes into the captured 
cells' or the like After the treatment has been completed, the vessel may then be washed again to remove the treatment 
solution cellular debris, or the like and an appropriate medium introduced to maintain the viability of the bound cells. 
The cells may then be released by adding a medium containing interleukin-2 and a mitogenic agent, or by taking the 
cell capture device 26 and introducing it into an ultrasonic bath or subjecting it to mechanical vibration or vigorous 
< 5 pipetting. After a short period of such physical treatment or under relatively mild sonic vibration, the captured cells are 

released and may be harvested. 

The following examples are offered by way of illustration and not by way of limitation. 
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A Synthesis of N 
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HMBA is synthesized by conv ntional means (Leonard fit at, J. Org. Chem. 50:2480 (1985)) from 2-bromoaceta- 
mide. available from commercial sources, in the presence of formalin at pH 1 0, which provides a 93% yield of the starting 
reactant. N-(hydroxymethyl) 2-bromoacetamide (HMBA). 
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The second step involves the generation of the bromoacetarrtde polystyrene surface (BA-PS) In this step. 2M trif fie 
acid and 0 2M HMBA, both in tetramethytene sutfone (suffotane). are mixed 11 in a volume suff went to cover the inner 
surface of a polystyrene vessel being activated. The reaction is allowed to proceed at 27»C for 3 hours. The reaction 
solution is drained, the device washed with water, followed by ethand, and the activated polystyrene chambers are air 
dried. The resulting bromoacetamide polystyren surface is stable in room air for six (6) months. 

R Cell capture surface preparation, stabilization and sterilization- 

The next step is the receptor capture (the monoclonal antibody one wishes to covaienrjy bind to the brwrxjacetamide- 
polystyrene surface). The monoclonal antibody of interest is diluted to approximately 0.01 - O.OSrrtfmlm ohosptete 
Kd saline. pH 7.4. The appropriate volume of diluted monoclonal anfibodyis ^^i^^jf^^?^ 
ber and the reaction is allowed to proceed for from about two to twerrry. rxeferaUy al»ut 2 to 
rotation. The antibody remaining after the reaction is decanted and can be realized up to 10 times ,n subsequent 

The^ibody bound device is then washed ten times with phosphate buffered saline (PBS). pH 7.4. and the surface 
is then stabilized by the addition of 2% sucrose/0.2% human serum albumin (HSA). medical grade, to each device The 
sucrose/albumin solution is allowed to coat the surface, after which the excess sucrose^ solution b<^*«<* 
the stabilized polystyrene chambers dried 24-96 hours in a vacuum (<0.10 Torr) at 25'G After drying, ""vacuums 
broken with drT^ogen and the device is flushed with inert dry gas and capped bghtjy. The de/K* e seaM and then 
sterilized. Sterilization is achieved by irradiation with 2.7 ± 0.2 megarads of electron beam or gamma .nactaton. Stenlrty 
tests showed that the flasks were sterile after a 1 4 day io sjtu media incubation. 

r. De nsity nf cell capture "face receptor 

A variety of surface functionalization groups were employed and tested for the stability of binding of antibody to the 
surface The polystyrene was functionalized using N-(hydroxymetr^2-raloacetarrtde. where the halo 9^ ^s<ttoro 
bromo or iodo; diazonium and sutfonium. After monoclonal antibody attachment using these surfaces the flaskswere 
each washed 10 times with PBS and once with 1% SDS at 55°C for 14 hours The plastic surface ^n^sayedtor 
radioactivity of the labeled monoclonal antibodies and the results expressed as surface density for a^body 
inng/cirf.Therxomoacet^ 

by adsorption on an lmmulon-2™ (Dynatek) surface. While the bromoacetamide provided the highest surface densrty. 
the surface density tor the other functionalities fell between 200 and about 240 ng/cm*. 

n Stabili ty capture s urface receptor. 

The stability of the antibody binding was determined by coating the surface with 0.02 mg/ml of (»S) nurnan IgG. 
The flasks were washed 5 times with borate-carbonate buffer, once with oorate^rbonate buffer for 8 hours and Mce 
with borate-carbonate washes over night. Aliquots of each wash were saved and assayed ^['^^f^ 
second wash there was no evidence of any antibody leaching. In a second study, using an ELISA assay ^ e a ™*dy 
, bound to the surface, the results observed showed that the amount of extractable antibody was less than the detection 
limit of the assay, (7.7 ng/ml). 

f rtonyt y nf cell capture b y derivatized polystyrene surface. 
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Because the receptor-derivatized polystyrene surface retains its optical ctarity, the density of the captured celts per 
unit area of derivatized polystyrene can be calculated by direct microscopic visualization. For most ^' capture appli- 
cations the density of bound cells approaches the closest packing of spheres on a monolayer. For lymphocytes of mouse 
or human origin.7he binding density rs from 0.5x106 cells/cm* to 1x106 cells/cm*. Depending ^^^^ 
size of the target cell in the input cell suspension, the density of bound cells can vary rtefcfrom 1x103 ce (ls/cm* for 
large, rare target cells to greater than 10™ cells/cm* for small, abundant cells or particles, such as bactena or viruses. 

F Rperificitv of ndl capture b y *** derivatizpirt polystyrene surface. 

Cell binding to the functional ized polystyrene surface is specifically determined by the receptor bound to the poly- 
styrene The foltowing experiment illustrates the specif icity of cell binding. Mononuclear cells were prepared from penph- 

C^tnTvLyZ^ 

bottom surface, a purified monoclonal antibody covalentJy bound by the subject method with apecforty '°^ (1)Thy 
V2 (a murine TceU marker). (2) CDS. (3) CD8. or (4) an equimolar mixture of CDS and CDS antbod.es (human T-ceJI 
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markers) Cells were allowed to incubate for 30 iron, then rocked gently and allowed to settle for an additional 30 min. 
Non-adherent cells (those not attached to the flask surface) were recovered by decanting and aliquots were also reserved 
for phenotype composition analyzed by flow cytometry. In all cases, except the Thy 1 .2 flask in which no cells were seen 
bound to the flask, microscopic examination of the flasks showed confluent cell bincfing, at a density of 0.5x1 0* cells/cm*. 

s Row cytometric analysts was performed on all input and efflux (non-adherent) cell populations for the markers COS. 
CDS (human TceHs), CD14 (human monocytes). CD16 (human NK-celis) and CD20 (human B-cdte) and the relative 
frequencies of these markers in input and efflux compared for each flask. The results show no differences between input 
and efflux for the Thy 1 .2 flask. The CDS and CDS flasks showed respectively, greater man 98% depletion of CDS and 
CD8 cells in the efflux, and the CDS/8 flask showed depletion of CDS and CDS cells to a degree equivalent to that of 

10 either the monospecific CDS or CD8 flask. The markers for monocytes and NK-cells and B-ceifs showed relative enrich- 
ment i n the efflux as they were not captured by the flask. These data show that ( 1 ) cells are quantitatively and specifically 
captured by me cell capture device, (2) the functionalized surface does not exhibit non-specrfic cell binding, and (3) more 
than one ceil phenotype can be captured simultaneously by a bi-derivatized polystyrene surface. 

is G. Process for cell recovery from the capture device 

Two techniques were employed to recover cells from the capture device. Both show quantitative cell recovery, good 
viability absence of monoclonal antibody on the surface of the recovered cells and full biological activity for both repli- 
cation and function. The first method, called tymphokine release, was tested with CDS* cytotoxic T-cells captured from 

20 normal human peripheral Wood according to the sifcject method described above. After decanting of the rran-adherent 
cells and verifying confluent binding by microscopic observation, standard tissue culture media supplemented with 
recombinant IL-2 (300 units/ml) (usually between 20 and 1000 units/ml) and phytohemaggtutinin (PHA.Gibco 0.1 mg/ml) 
(usually between 0.1 and 5.0 mg/ml) were added. After 48 to 72 hours of culture, the captured CDS* cells spontaneously 
detach from the f task, leaving all the monoclonal antibody covalently attached to the polystyrene surface. 

25 The captured CD8 cells were shown to be free of surface-bound monoclonal antibody by flow cytometry analysis 
using f luoresceinated anti-mouse antibody. None of the released CDS* cells were positive for surface mouse IgG. Fur- 
thermore the flask can be re-used for cell capture by washing in PBS containing 4M MgCI which regenerates the capture 
surface Such re-used flasks perform consistently for 4-6 cydes after which repeated washing reduces the bound anti- 
body activity Further proof of retention of the antibody by the polystyrene surface is provided by in polystyrene 

30 Wotting studies in which radiolabeled anti-mouse antibody is reacted with the derivatized polystyrene, washed vigorously 
and the surface either assayed by autoradiography or by direct scintillation counting. In both sets of expenments, the 
polystyrene surface is fully saturated with bound monoclonal antibody indicating retention of the antibody in the device. 

The detached cells, recovered by decanting, can be expanded numerically in standard tissue culture chambers 
supplemented with IL-2 and phytohemagglutinin. Viability by Trypan Wue exclusion was shown to be greater than 98% 

35 and the recovered, homogeneous ceil population could be expanded by two orders of magnitude over a period of about 

10 days. , 

The second method for cell recovery, called ultrasonic release, utilizes an ultrasonic bath (Crest Ultrasonics model 
#H-4HT-1014-6) with an output of 40 to 90 kHz sonic output (main frequency at 40 kHz) evenly distributed through a 
water bath by means of the Crest Vibra-bar. The power supply delivers 500 watts at 40 to 90 kHz. The ultrasonic bath 
40 has an immersion tank of 10 x 14 inches, holding a volume of 6 gallons of fluid which contained one litre (0.5" from the 
tank bottom) for sonication in the subject studies. Immersion tanks of various sizes are commercially available. The 
capture device containing the bound cells is immersed in the one litre of fluid in the ultrasonic bath and the power supply 
and power application time experimentally determined. Depending upon the cell phenotype. times and powers varied: 
For example. CD4* T-cells: 78% max power. 1 7 sec; CDS* T-cells: 30% max power. 20 sec; Leu 1 9 cells: 75% max power, 

45 10 sec. etc. . . 

To demonstrate that the cells recovered by sonication were still viaWe and retained their physiological activity. CD 1 6* 
NK-cells were recovered by sonication at maximum power for 15 to 20 seconds. The cells recovered by sonication (1) 
were greater than 85% viaWe by Trypan blue exclusion, and (2) were extremely active in a lytic assay routinely utilized 
to quantitate NK-ceil activity. Using flow cytometric analysis, cells recovered by sonication were shown to be free of 

so monoclonal antibody, as were ceils recovered by the mitogen/lymphokine drive method described above. Thus, in cells 
recovered by both methods, the antibody remains behind when the ceils are recovered, providing viaWe. homogeneous, 
fully functional cells free of monoclonal antibody. 
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H. Phenotvoic homogeneity of released cells. 

Previously (section F) analysis of input and efflux (non^aptured) cell phenotypes showed that cell binding by the 
cell capture device is specified by the monoclonal antibody covalently bound to the devic surface. In this section, data 
are presented to confirm and ext nd these findings by analyzing by flow cytometry th cells recovered from th device 
by lymphokine release. Mononuclear cells from peripheral Wood of normal human volunteers were prepared by standard 
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histopaque centrifugation as described and introduced at a concentration of 3x106 cells/ml PBS into cell capture devices 
containing either CDS or CD4 monoclonal antibody covalently bound to the inner surfac . After standard incubation ^and 
decanting of non-attached cells, the captured cells were recovered by incubation for 48 hours wdh IL-2 andPHA as 
described in section G. The recovered cells were then phenotyped by flow cytometry and cultured tn standard cutture 
media supplemented with IL-2 and PHA. Aliquots of cells wer sampled periodically over 6-25 days in culture for flow 
cytometric analysis. The data show greater than 95% homogeneity for CD4* and CD8* surface markers on recovered 
cells from the CD4 and CD8 devices, respectively, at time zero fimmerJatery after recovery from the device). More 
irrcortantty as the recovered celts logarithmically grow in culture, their phenotypic homogeneity is preserved, with cul- 
tures maintaining greater than 95% purity for CD4 and COS markers, respectively, over the 6-25 day culture penod. 
Released cells are therefore homogenous in phenotype and their homogeneity is maintained dunng m Yflffi logarithms 
growth. 

I. Numerical expansion of released cells. 

CDS' cells recovered by lymphokine drive from a CDS capture device using human peripheral blood mononuclear 
cells from six (6) different individuals were cultured in standard culture media supplemented with IL-2 and PHAJ300 
units/ml and 0.1 iig/ml, respectively) in standard culture vessels in a humidified incubator at 37°C. Cells were sampled 
for viability by Trypan blue exclusion and cell number by hemocytometer counting periodically over 25 days of culture. 
Each individual's cells were kept separated from the others. The data show greater than 95% cell viability and a two tog 
increase in cell number over 20 days. These data demonstrate the capability of cells recovered from the capture device 
to exponentially expand in number m standard tissue culture. 



In this study CD8* cells harvested from peripheral blood of normal volunteers were captured in the subject device 
containing CDS antibody and recovered by lymphokine drive. The recovered cells were then cultured in etther standard 
tissue culture flasks using standard tissue culture medium supplemented with recombinant IL-2 and PHA, or cultured 
in the subject device with covalentiy-bound anti-CD3 monoclonal antibody using standard medium without supplemen- 
tation with either recombinant IL-2 or PHA. Duplicate flasks with the anti-CD3 monoclonal antibody were employed. At 
time zero equal numbers of cells were loaded, respectively, into flasks A, B and C (A=standard tissue culture flask wrth 
IL-2/PHA supplemented media; B and C-CD3 subject device without IL2 or PHA). After five days in culture, each culture 
was spirt into two aliquots and replated in identical flasks under identical culture conditions. Cells were then recounted 
at day9 resulting in the following fold-expansions between days 5 and 9: A2.7; B:2.55; C:6.75. Control cultures in which 
CDS' cells were cultured in standard tissue culture vessels without IL-2 or PHA supplement failed to grow at all. Thus, 
cell expansion was achieved at the same or greater multiple using immobilized anti-CD3 antibody and the subject device 
as compared to IL-2/PHA supplemented media in a standard tissue culture flask. These data demonstrate that by .mmo- 
bilizing a T-cell activating monoclonal antibody (CD3) to the polystyrene surface according to the subject method. T-cell 
activation/proliferation can be achieved by the immobilized monoclonal in the absence of soluble activation factors (1L- 
2/PHA) in the culture medium. 



40 



II. SPECIFIC EXAMPLES 

A Rnng mflrrpw transplantation. 



In this first example T-cell depletion for bone marrow transplantation is exemplified. Data indicate that the CDS* and 
CDS* T-cells which are present in bone marrow material cause graft-versus-host disease. A device as described above 
was prepared using monoclonal antibodies to CD5 and CDS positive human T-cells. Aliquots of human bone marrow 
obtained from normal human volunteers were introduced into a subject device and the cells incubated as described. 
Non-adherent cells were recovered, phenotyped and subjected to jn yjtrs cultures to quantitate enrichment for progenitor 
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cells compared to input norvfractioned marrow. The following tables indicate typical results. 



TABLE 1 



Depletion of T-cells 
(% depletion of input) 



CDS 
91 



CD8 
96 



CD4 



65 



CD14 



-129 



CD16 



-29 



CD19 
4 



CFU-EU 
513 



TABLE 2 

Enrichment of Progenitors 
(% enrichment over input) 



BFU-E 



633 



CFU-GM 



376 



CFU-M 



311 



CFU-G 
244 



CFU-EU 

BFU-E 

CFU-GM 

CFU-M 

CFU-G 



colony forming units, erythroid units 

burst forming units, erythroid 

colony forming units, granulocyte-monocyte 

colony forming units, monocyte 

colony forming units, granulocyte 



The data in the tables show specific depletion of CD5* and CDS 4 ceils (CD14\ CD16* ceils are enriched, CD1?r 
cells are unchanged) and 2-6-fold enrichment for progenitor ceils. These data illustrate the use of the subject method 
to specifically deplete cells causing graft-versus-host disease while enriching for the desired progenitor ceils. 

In the second example of bone marrow transplantation applications, the ability of the subject device to concentrate 
a oarticuiar rare cell population in a mixture of cells from bone marrow or peripheral Wood ts demonstrated. The cells 
to be concentrated are progenitor stem cells from human bone marrow. In this example, the subject device incorporates 
a CD34 monoclonal antibody covalently bound to the polystyrene surface. In the first case of this example, humanbone 
marrow samples were introduced into the CD34 subject device, the cells incubated as described, the non-adherentcefe 
recovered by decanting and the captured ceils recovered by sonication. The three fractions, input, non-adherent and 
adherent cells, were assayed for CFU-C. a standard assay for progenitor cells. The following table shows the results: 

TABLE 3 





CFU-C/25,000 Cells 


Input cells 
Non-adherent cells 
Adherent cells 


3 
0 

44 
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The data indicate a 15-fold increase in progenitor cells achieved by the subject device and the subject method of 
cell recovery by sonication. 

In the second case of this example, peripheral blood mononuclear cells were introduced into another C034 subject 
devic Non-adherent cells were recovered by decanting, adherent cells were again recovered by sorticatjon. Afiquots 
of the input and adherent cells were analyzed for CD34' phenotype. The input cells were less than 0.1% positive for 
CD34- cells. The adherent cells recovered by sonication were 15% CD34' indicating the utility of the subject device and 
method for recovering viable progenitor cells from peripheral blood. 



B. Arrti viral ce llular therapy. e.a.. AIDS 

In the next example, a process for the treatment of viral infection, e.g.. AIDS, is exemplified. The technique is to 
expand CDS' cells by capturing CDS* cytotoxic T-cells from peripheral blood mononuclear cells. The captured CDS* cells 
are then recovered by a brief cuHure in medium containing a lectin and recombinant IL-2 Oymphokine drive), followed 
by expansion of the detached cells in standard tissue culture vessels fa 1 4 to 28 days prior to final washing and collection 

for reinfusion into the patient of origin. 

Specifically peripheral blood human mononuclear cells (PBMC) concentrated with RcoH-Hypaque were introduced 
into a T-150 polystyrene flask with a anti-CDS monoclonal antibody covalently attached. After one hour of .ncubation. 
the Hood was decanted and tissue culture medium supplemented with IL-2(300 unit/ml) and PHA (0.1 ng/miyAfter 48- 
72 hours of culture the CDS' cells spontaneously detach from the flask leaving the antibody covalently attached tothe 
surface of the polystyrene as demonstrated by flow cytometric analysis snowing the absence of monoclone Jantoody 
on the surface of the detached cells. The detached cells are then expanded in a standard tissue culture chambers 

supplemented with IL-2 and PHA as above. 

Analysis by f tow cytometry showed the population to be 1 00% positive fa CD3 and 98% positive tor CDS cell surface 
markers. The phenotype of the captured cells is consistent with the description reported fa cytotoxic lymphocytes beanng 

the CD8 surface marker. _ „ . 

Captured CD8' celts from six healthy donors were shown to grow logarithmically fa up to 1 5-36 days in culture with 
the media containing IL-2 and PHA as above. Analysis of the cells during growth at days 7. 10. 15 and 25. showthat 
the CD3* CDS* phenotype was persistent (greater than 98% positive) throughout the 25 days expansion. In alectjn- 
dependerrt cellular cytotoxicity assay using concanavalin A<oated-CEM cells, the composite lytic activity of celte from 
f ive different namal donors was determined. Substantial lysis was observed at effector-to-target ratios ranging from 2.5 
to 10 These same CDS' cells after expansion show no lysis of namal autologous PBMC from heaJthy donors. Thus, 
these cells have namal cytotoxic activity to appropriate target cells, while lacking autoimmune cytotoxic activity. 

These cells were investigated to determine whether they had undergone changes which might make them suscep- 
tible to immune attack by autologous PBMCs. The results of two experiments from different donors in which the donor 
PMBC response to chromium-labeled self and non-self CDS cells were examined showed that lysis occurred only fa 
non-self CDS' cells after in yjtrg priming with non-labeled, non-self CDS' cells. Thus, the CDS* cells do not undergo 
surface phenotype alterations which after reinfusion into the patient of aigin. might render them targets fa an autoim- 
mune process. . „ . . .. . _-;_„ 

These cells were shown to retain antigen-specific. MHC restricted cytolytic activity after isolation and expansion. 
CDS* cells were harvested from EBV (Epstein Barr virus)-positive healthy donors and tested for specific cytotoxraty 
against chromium-labeled EBV-infected mitomycin C-treated autologous B^ells. During co-cuttivation. reduced doses 
of IL-2 were added to the medium to allow for the selective expansion of CDS* cells with specific reactivity against EBV- 
infected MHC restricted autologous B-cells. The protocol for this assay was to include a control m which CDS* eel's were 
grown but not primed and then subjected to the chromium release assay on day 9 and thereafter. The expenment 
included- (1) an aliquot of cells subjected to the chromium release assay on day 0 before priming. (2) another aliquot 
primed on day 0. primed again on day 7. and then subjected to the chromium release assay on day 9 and thereafter 
The results were as follows: (1) CDS* cells not exposed to EBV-transformed autologous B-cells showed no lytic activity. 
(2) control cultures utilizing CDS* cells from EBV-sero-negative healthy donors also showed no lytic activity whether 
primed or not primed. (3) with primed CDS* cells from EBV-sero-positive donors, at effector terget ratios in the ranged 
3 to 12 5 percent specific lysis ranged from 25 to about 45. These results demonstrate that the CDS' cells harvested 
and expanded after 1 4 days of cold culture demonstrate antigen-specific MHC restricted cellular cytotoxicity appropriate 

to the antigenic milieu of the host. 

In the next study CDS* cells were obtained from HIV-positive volunteers. The cells were harvested from Recti - 
Hypaque PBMC as described above, captured with a CDS subject device and recovered by lymphokine release as 
i described Logarithmic growth for 18 days in culture with nearly 100% viability was achieved with CDS' cells from HIV- 
positive donors The CDS* phenotyp was substantially retained (greater than 95% positiv CDSJdurmgmyjjraexpan- 
ston These cells exhibited appropriate cytotoxicity against lectin coated CEM cells and exhibited no NK-like lytic adMty 
against K562 targets. In addition, the CDS* cell showed no suppress* activity in a B-cetl immunoglobulin synthesis 



12 



10 



15 



20 



25 



EPO 701 130 A2 

assay. The cells are not transformed, requiring constant IL-2 to remain in growth phase. The cells do not produce HIV 
virus and. after washing, are lymphokine. PHA and monoclonal antibody fr e. 

The expanded CDS* cells showed stable phenotype. normal lytic activity, maintained the absence of markers for 
other types of cells, and were capable of cytolytic activity against appropriate target cells. Most importantly. theseCDS* 
cells exhibited an inhibition of autologous HIV virus replication in yitjo. This was established by combining CD4 cells 
infected with HIV with autologous expanded CDS' cells. Complete repression of HIV replication was ad^^ataslow 
a CD4CD8 ratio as 1 :0.25 after 7 days. Different time periods and different CD4:C08 ratios were involved wrth different 
donors, but in aO cases. HIV repression was complete in the autologous setting, lasting for up to 35 days in culture (the 

longest period tested). , , 

In summary these data show that CDS' cells captured from PBMCs by the subject method and recovered by lym- 
phokine drive: (1) are phenotypically pure. (2) are capable of exponential growth in yjtm O) are phenotypicaBy stable 
during exponential growth. (4) are capable of potent appropriate cytotoxic activity. (5) are capable of repressing HIV 
replication in autologous CD4* cells when the CDS* cells are captured from HIV seropositive donors. (6) show, in general. 
MHC and antigen restricted cytotoxicity. (7) show no autoreactive. (8) show no auto recognition. (9) show no suppressor 
cell activity. (1 0) are not transformed. (1 1 ) do not produce HIV virus, and (1 2) do not retain residual btolog>cate derived 
from the culture process after washing. These cells are suitable for a variety of therapeutic applications jnctuding AIDS, 
cvtome-galcvirus infections, EBV infections, toxoplasmosis infections, etc. Furthermore, the COS* cells, when isolated 
by the subject method from tumors or lymphoid homogenates from cancer patients, show substantial ant-cancer actwrty. 
as shown in the next exampla 

r. T^m pr infiltrating Ivmohocvte . 

Cell suspensions obtained by enzymatic digestion of tumors or lymphoid tissue from cancer patients were intoduced 
into devices containing CD4 or CDS monoclonal antibody bound to the surface. After capturing the CD4* or CDS* eels 
and recovering them by either sonication or lymphokine drive, the recovered cells were shown to be greater than 98% 
viable and greater than 95% phenotypically pure CD4* or CDS* cells, respectively. In all cases examined. SfeefJhe 
Durif ied CD4* or purified CDS* cells exhibited at least as much autologous tumor cytotoxicity as the unseparated starting 
tissue suspension. The purified population did not exhibit non-specific killing of allogeneic tumor. The purified population 
were capable of logarithmic growth, maintaining viability, phenotypic homogeneity and autologous tumor cytotoxicrty 
The phenotype of the cytotoxic cell varied among tumor types. CDS* predominating for melanoma and squamous cell 
carcinoma. CD4* predominating for renal cell carcinoma. 

n \ ymphnkina activated killer cells (LAK) 

In the next example. anti-CD5. antj-CD14 and anti-CD20 monoclonal antibodies were employed in subjertde^ces 
to deplete PBMCs to enrich by negative selection for NK-cells. The antibodies were shown to be capable of depletion 
of the CDS* phenotype by greater than about 98%, the CD1 4' phenotype by greater than 50% and the CD20* Ph^otype 
bv greater than 90%. To obtain LAK cells. 1.5X10« mononuclear cells were added to the collection device containing 
CD5 monoclonal antibody. After incubating for 30 min. the non-adherent cells were recovered by decanting, and trans- 
. ferred to a device containing cc^lentiybourKJanti-CDUarrtibody. After ir^tion. the non-adherent cete were again 
recovered by decanting and transferred to a third device, this one containing CD20 monoclonal antibody plenty 
bound to the surface. Incubation was again for 30 min at room temperature. The third population non-adherent cells 
were then cultured in IL-2 for 48 to 72 hours and their lytic activity assayed in standard 4-hour chromium release assays 
usina K562 for NK activity and COLO-205 cells for LAK activity. The percent specific lysis for different effector to target 
> ratios was determined where the effector to target ratio varied from 2.5 to 20. Using cells from several different normal 
donors the enrichment of LAK activity varied from 50% to 300% over input cells cultured under identical conditions. 

The cell population derived from the subject device was shown to be substantially enriched for LAK precursors, 
virtually free of T- and B-cells and significantly depleted of monocytes. The phenotype of the LAK precursor purified by 
the subject device was found to be CD3", CD16* and Leu 1 9*. . 
o In the next study, the question of whether the lytic unit activity was increased out of proportion to the Phenotypic 
enrichment of NK cells in the purified samples was addressed. The lytic units were calculated for the input and purified 
fractions per 106 NK effector cells. A 2 to 50-fold increase in lytic units per 106 N K effector cells is achieved ^ the 
three step monoclonal antibody negative depletion method described. This established that the monocyte. B-cell. T-cell 
depletion protocol increased by a factor of 2 to 50, the lytic unit activity expressed per NK effector cell. This increase is 
;s achieved by the removal of other cells that directly or indirectly exert inhibitory influences on LAK activity. See Nh. 
Int J Can^(1988)4l:33-40;Hoyer.eial..C^nsfirRes. (1986) 41:2834-2938. Tbese authors reportthe down regulation 
Deactivated autologous monocytes of human lymphokine IL-2 activated killer cell activity. The subject procedure 
achieved a 90% reduction in total cell number resulting in the saving of culture resources required to perform the NK 
activation; and a 2 to 50-fold augmentation in lytic activity expressed on a per-NK effector cell baas. 
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The data presented above demonstrate that the subject methodology improves the efficacy of IL-2/LAK therapy, 
decreases the cost of the therapy, and reduces the toxicity of the procedure by towering the total number of cells obtained 
by leukapherests necessary to generate the targeted total lytic activity for re-infusion after IL-2 activation. 

5 E. SuporessoMnducer cells . 

In a simitar manner to the previous procedures, the rr»noclonal antibody 2H4 which binds to the suppressor/tnducer 
ceil a cell which induces specific suppressor ceils, can be utilized to harvest recover, activate and expand suppres- 
sor/inducer ceils to treat autoimmune disease. The suppressorAndueer ceil would be positively selected from PBMCs. 
recovered from the collection device by sonication. expanded and activated numerically according to the prior proce- 
dures These expanded and activated suppressorAnducer ceils could then be reinfused to the patient of origin with me 
autoimmune disease in question, which would result in the induction of suppressor cell activity appropriate to the patients 

^^The^velresults demonstrate the power of the subject device and process in isolating a wide variety of cells with 
different surface markers. The procedures may be used in research, diagnosis and therapy. Furtrmrmore. the procedure 
allows for collection, expansion and activation of cells while retaining a very high percentage of viability of the celts. In 
addition antigenic components of Wood or tissue may be taken from a patient, such as immune complexes or tumor 
cells or normal tissue and used to activate or deactivate specific responses to an antigen or cell. Thus, cellular responses 
may be provided to a wide variety of diseases, including: genetic diseases, where stem cells may be transfected so as 
to modify their phenotype; autoimmune diseases, where suppressor cells may be used to suppress an immune response; 
cancer and viral diseases where killer cells may be used in their treatment; and pathogen derived diseases where helper 
and B-celts may be used in protection against a wide variety of pathogens. 

All publications and patent applications cited in this specification are herein incorporated by reference as if each 
individual publication or patent application were specifically and individually indicated to be incorporated by reference. 

Although the foregoing invention has been described in some detail by way of illustration and example for purposes 
of clarity of understanding, it will be readily apparent to those of ordinary skill in the art in light of the teachings of mis 
invention that certain changes and modifications may be made thereto. 
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Claims 

1 A method of preparing a polymeric surface which comprises applying to a polymeric surface, to which is bound a 
biologically active agent, a stabilising exposition comprising human serum albumin (HSA) and sucrose, whereby 
the activity of the biologically active agent is preserved upon subjecting the surface to sterilising amounts of ionizing 
radiation. 

2. A method according to claim 1 wherein the biologically active agent is a monoclonal antfcody. 

3. A method according to daim 1 or 2 wherein the polymeric surface is polystyrene. 

40 4. A method according to any preceding daim wherein an excess of sucrose/HSA composition is used, the excess 
being removed after the composition has been applied to the surface. 

5. A method according to any preceding daims wherein the stabilising composition comprises 2% sucrose and 0.2% 
HSA. 

6 A method according to any preceding claim wherein the biologically active agent is a monodonal anttoody specific 
for CDS. CD4, suppressor-inducer. hematopoietic. CD34. CD3. CDS. CDH. CD19 or CD20 cells or T-ceBs. 

7. A polymeric surface preparable by a method according to any prece<fing claim. 

8 A separation device which is a container of rigid or flexible walls containing polymeric sheets having surfaces accord- 
ing to claim 7. where the polymer is polystyrene, superimposed or stacked one upon the other and separated from 
each other to allow for liquid flow between the sheets. 
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